SPECIFICATION 
TITLE 

"SEMICONDUCTOR CHIP FOR OPTOELECTRONICS" 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to a semiconductor chip for optoelectronics of 
the type having an active layer with a photon-emitting zone and that is attached to a 
carrier member at a bonding side. 
Description of the Prior Art 

Semiconductor chips of the above type produced in thin-film technology are 
disclosed in European Application 0 905 797. For manufacturing the known 
semiconductor chip, an active layer is usually applied on a substrate with an epitaxial 
process. A carrier member is subsequently secured to the upper side of the active 
layer, and the substrate is removed. A metallic reflection layer is located between the 
carrier member and the active layer, so that no light is absorbed by the carrier member. 
The known semiconductor chips are particularly suitable for applications wherein a high 
optical power is required. 

One disadvantage of the known semiconductor chips manufactured in thin film 
technology is that the metallic reflection layer arranged between the carrier member and 
the active layer generally does not exhibit a satisfactory reflectivity at short wavelengths. 
Particularly given a wavelength of less than 600 nm, gold becomes increasingly 
inefficient as the metallic reflection layer, since the reflectivity significantly decreases. 
At wavelengths below 600 nm, for example, the elements Al and Ag can be employed, 
their reflectivity remaining comparatively constant at wavelengths below 600 nm. 



Moreover, large surfaces such as the metallic reflection layer are difficult to bond. 
As a result of the bonding and the alloying of the metallic contact layer, moreover, the 
quality of the metallic reflection layer is generally degraded. 

German OS 198 07 758 discloses a truncated pyramid-shaped semiconductor 
chip that has an active, light-emitting zone between an upper window layer and a lower 
window layer. The upper window layer and the lower window layer together form a 
truncated pyramidal base member. The slanting alignment of the sidewalls of the 
window layers cause the light emanating from the active zone to be totally reflected at 
the side faces, so the reflected light is incident on the base area of the truncated 
pyramid-shaped base member, serving as luminous surface, substantially at a right 
angle. As a result, a part of the light emitted by the active zone emerges onto the 
surface within the exit cone of the semiconductor element. The term exit cone in this 
context means the cone of the light rays whose incident angle is smallerthan the critical 
angle for the total reflection and that are therefore not totally reflected. In order to arrive 
at a significant enhancement of the light yield, this concept assumes a minimum 
thickness for the upper and lower window layer. In the known truncated pyramid- 
shaped semiconductor component, the thickness of the upper and lower window layer 
amounts to at least 50.8 urn (2 milli-inches). Such a thickness is still within a range 
allowing the layers to be produced without difficulty. If, however, the power of the known 
semiconductor chip is to be increased, it is necessary to scale all dimensions. Layer 
thicknesses thereby quickly derive that can be manufactured only given high outlay in 
an epitaxial layer. The known semiconductor chip is therefore not scalable without 
further difficulty. 



SUMMARY OF THE INVENTION 

Proceeding from this prior art, an object of the invention is to provide a 
semiconductor chip that is manufacturable in thin-film technology that has improved 
light output. 

This object is inventively achieved in a semiconductor chip of the type initially 
described wherein a recess is introduced into the active layer proceeding from the 
bonding side, the cross-sectional area of this recess decreasing with increasing depth. 

As a result of recess, the bonding side of the semiconductor chip can be made 
significantly smaller, so that the bonding of the active layer on the carrier member can 
be unproblemmatically implemented. As a result of the recess, moreover, lateral faces 
are created at which a part of the photons emitted by the active layer is reflected such 
that the photons within the exit cone strike the exist face of the active layer lying 
opposite the bonding surface. In the semiconductor chip of the invention, so to speak, 
the reflection at the continuous reflection layer is replaced by the reflection at the lateral 
faces of the recesses. 

In one embodiment of the invention, the recesses are so deep that the active 
zone of the active layer is interrupted by the recess introduced into the active layer 
proceeding from the bonding side. 

It has been shown that semiconductor chips whose active zone is interrupted by 
a recess introduced into the active layer proceeding from the bonding side exhibit an 
especially high light yield. In this case, it is not only the photons emitted toward the 
bonding side but also the photons emitted toward the exit face of the active layer, that 
are caused to proceed at a large angle relative to the exit face by the reflection at the 
lateral faces of the recess. 



In a preferred embodiment of the invention, elevations on a connecting layer of 
the active layer are formed by the recesses. 

Such elevations act as collimators that align the trajectories of the photons 
emitted by the active zone nearly at a right angle relative to the exit face of the 
semiconductor chip. As a result, a majority of the emitted photons within the exit cone 
strikes the exit face and can exit the semiconductor chip. 

In another preferred embodiment, the connecting layer is fashioned such that at 
least one trajectory of the photons emitted by the active zone proceeds from the 
respective elevation to one of the neighboring elevations. 

Due to the optical coupling of the elevations, photons that have not been 
reflected at one of the lateral faces of the original elevation proceed into one of the 
neighboring elevations and are reflected such that at the lateral faces of the respective 
elevation so that they strike the exit face within the exit cone. 

In a further embodiment of the invention, the elevations are provided with 
concave lateral faces. 

As a result of these measures, photons that are initially reflected at the exit face 
are increasingly intensified with every further reflection at the lateral face of the 
elevations, so that they ultimately strike the exit face within the exit cone. 

In another preferred embodiment, the elevations are covered with a reflective 

layer. 

As a result of this measure, all light rays incident on the lateral face of the 
elevations are deflected in the direction toward the exit side of the semiconductor chip. 
DESCRIPTION OF THE DRAWINGS 



Figure 1 is a cross-section through an exemplary embodiment of a 
semiconductor chip of the invention. 

Figure 2 is a cross-section through another exemplary embodiment of a 
semiconductor chip of the invention, wherein the active zone is arranged within 
truncated pyramid-shaped elevation. 

Figure 3 is a cross-section through a semiconductor chip of the invention that is 
provided with elevations that have concave lateral faces. 

Figure 4 is a diagram that shows the intensification of the light yield in a 
semiconductor chip of the invention, compared to a conventional semiconductor chips. 

Figure 5 is a cross-sectional profile of an elevation in the inventive 
semiconductor chip that is composed of a lower, flat frustum and an upper, steep 
frustum. 

Figures 6a through 6d respectively show cross-sectional profiles of elevations 
in the inventive semiconductor chip, and a diagram that shows the dependency of the 
output efficiency on the radius of the boundary surface between the lower truncated 
pyramid and the upper truncated pyramid of the elevation of Figure 5. 

Figure 7 is a diagram that shows the dependency of the output efficiency on the 
reflectivity of a contact layer arranged on the tip of the elevation of Figure 5. 

Figure 8 is a diagram that shows the dependency of the output efficiency on the 
reflectivity of the lateral faces of the elevation of Figure 5. 

Figure 9 is a diagram from which the relationship between output efficiency and 
size of a luminous spot in the active zone proceeds. 

Figures 10a through 10d respectively show cross-sectional profiles of an 
elevation in the inventive semiconductor chip, wherein the height of the active zone is 



varied, and a diagram that shows the output efficiency dependent on the thickness of 
a lower limiting layer. 

Figure 1 1 is a diagram that shows the dependency of the output efficiency on the 
sidewali angle of the lateral faces of an elevation with the cross-sectional profile shown 
in Figure 10b. 

Figure 1 2 is another diagram that shows the dependency of the output efficiency 
on the sidewali angle of an elevation having the cross-section profile from Figure 10b. 

Figure 1 3 is a diagram that shows the dependency of the output efficiency on the 
width of the active layer given constant height. 

Figure 1 4 is a diagram that shows the dependency of the output efficiency on the 
thickness of a connecting layer uniting elevations with various profiles in the inventive 
semiconductor chip. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The semiconductor chip shown in Figure 1 for a light-emitting diode has a carrier 
member 1 on which an active layer 2 is attached. For clarity, the thickness of the 
active layer 2 is shown exaggerated in relationship to the thickness of the carrier 
member 1 . The active layer 2 has a photon-emitting, active zone 3 that is fashioned 
with elevations 4 at a mid-height. The elevations 4 can be fashioned as a truncated 
pyramid or truncated cone. 

The elevations 4 are arranged on a connecting layer 5 that has a central contact 
location 7 of the front side on a flat front side 6, the contact location 7 being formed by 
a metallization layer. The elevations 4 of the backside formed by recesses 8 are 
covered with a reflective layer that is composed of a dielectric insulating layer 9 and a 
metallization layer 10 applied thereon. The insulating layer 9 is interrupted by through- 



contacts 12 along a base area 11 of the elevations 4, the through-contacts 12 being 
formed by metallic sections. 

For manufacturing the semiconductor chip shown in Figure 1 , the active layer 2 
is first epitaxially grown on a base substrate. The active layer 2 can, for example, be 
manufacture on the basis of InGaAIP. The connecting layer 5 is thereby produced first 
on the base substrate and, subsequently, is doped with a concentration above 1 0 16 cm" 3 
in order to assure a good conductivity of the connecting layer 5. Good conductivity of 
the connecting layer 5 is a pre-condition one central contact location 7 on the front side 
6 being sufficient for supplying the active zone 3 with current. Moreover, the 
composition of the connecting layer 5 is selected such that it is transparent for the 
photons generated in the active zone 3. This can usually be accomplished via setting 
the band gap on the basis of the composition of the material of the connecting layer 5. 

Subsequently, a further layer is applied on the connecting layer 5, the elevations 
4 being introduced into this layer by suitable wet-chemical or dry-chemical etching 
processes. Such etching processes are known and are not the subject matter of the 
present application. The elevations 4 are preferably formed in the regions provided for 
the semiconductor chips. These are regions having typical outside dimensions of 400 
x 400 urn 2 . The elevations 4 have outside dimensions that lie in the range of the layer 
thickness of the active layer 2. The outside dimensions of the elevations 4 therefore 
are in the range of 10 urn. 

The deposition of the insulating layer 9 onto the elevations 4 and the formation 
of the through-contacts 12 ensue in a further method step. Subsequently, the 
metallization layer 1 is applied. 



Subsequently, the active layer 3 is divided (separated) according to the intended 
number of semiconductor chips. This ensues, for example, by wet etching. 

The separated active layers at the carrier member 1 are then secured, for 
example by eutectic bonding, and the base substrate is removed by wet-etching. 
Finally, the contact locations 7 are formed at the exposed front side of the active layer 
2, and the semiconductor chips are separated by dividing the carrier member 1 . 

The semiconductor chip shown in Figure 1 exhibits the advantage that the 
photons generated by the active zone 3 do not strike components of the semiconductor 
chip that would absorb them. The photons are kept away from the carrier member 1 
by the metallization layer 10. 

Another advantage of the semiconductor chip of Figure 1 , is that a majority of the 
photons emitted from the active zone 3 are totally reflected at lateral faces 13 of the 
elevations 4. The photons totally reflected at the lateral faces 13 strike the front side 
6 at a large angle. In particular, a part of the photons that would be totally reflected at 
the front side without reflection at the lateral faces 13 strikes the front side 6 within the 
exit cone, and can therefore exit the semiconductor chip. In the semiconductor chip 
according to Fig. 1, therefore, the reflection at the continuous base area known from 
the prior art is at least partially replaced by the total reflection at the lateral faces 13. 
The semiconductor chip of Figure 1 compared to conventional semiconductor chips 
without recesses 8 therefore exhibits a light yield enhanced by nearly a factor of two. 

The described effect is explained in detail below with reference to the further 
exemplary embodiments shown in Figures 2 and 3. 



A number of light rays are considered in the following discussion, but the term 
light rays is not a limitation to a specific wavelength, but refers to the processes of 
geometrical optics, regardless of the wavelength. 

In the exemplary embodiments shown in Figure 2, the elevations 4 are fashioned 
as a truncated pyramid and are secured to the carrier member 1 via a contact layer 14 
only at the base area 1 1 of the elevations 4. The active zone 3 is supplied with current 
by the contact layer 14. 

Due to the large difference between the refraction indices of semiconductor 
material compared to casting resin of, typically, 3.5 to 1 .5, only light rays that strike the 
boundary surface within an exit cone having an aperture angle of approximately 16° 
can be coupled out from the semiconductor at the boundary surface between the 
semiconductor and the casting resin. Given a uniform distribution of the angles of 
incidence of the light rays, this corresponds to approximately 2% of the light rays that 
are incident on a surface unit. 

Due to the elevations 4, the light rays emanating from the active layer 2 are 
steered in the direction onto the front side 6. The elevations 4 therefore act as 
collimators in whose respective focal surfaces the active zone 3 is located. The 
elevations 4 causes the light rays that are incident on the lateral faces 13 to be 
intensified in the direction toward the front side 6 so that they strike within the exit cone, 
so that they can exit the semiconductor chip. The light yield thereby can be optimized 
on the basis of a suitable selection of the dimensions of the base area 1 1 , the angle of 
inclination of the lateral face 13, and of the height of the elevations 4, as well as the 
position of the active zone 3. 



Figure 2 shows a light ray 1 5 that is initially totally reflected at the lateral face 13 
and is steered therefrom to the front side 6. At the front side 6, the light beam 15 
strikes the boundary surface within the exit cone and therefore can exit the 
semiconductor chip. Without the total reflection at the lateral face 1 3, the light wave 1 5 
would be totally reflected at the front side 6 and would have been deflected back to one 
of the reflection layers known from the prior art where it would have been reflected 
again. In this respect, the reflection at the conventional, continuous reflection layer is 
replaced by the reflection at the lateral faces 13 given the exemplary embodiment 
shown in Figure 2. 

This is also true for a light ray 1 6 that is initially reflected at the base area 1 1 and 
then at the lateral face 13. The light ray 1 6 as well is deflected to the front side 6 after 
the second reflection, where it strikes within the exit cone. Without the reflection at the 
lateral face 1 3, the light ray 1 6 would likewise be totally reflected at the front side 6 and 
would have been steered back to a back-side reflection layer. 

It is also advantageous that the elevations 4 are optically coupled via the 
connecting layer 5. Optical coupling in this context means that at least one of the light 
rays emanating from the active layer 2 can proceed across a center line 17 from the 
regions of one of the elevations 4 into the regions of one of the neighboring elevations 
4. Due to the optical coupling with the assistance of the connecting layer 5, a light ray 
18 that does not strike one of the lateral faces 13 of the respective elevations 4 can 
strike one of the lateral faces 1 3 of one of the neighboring elevations 4 and be deflected 
to the front side 6 where it is incident within the exit cone. Due to the optical coupling 
via the connecting layer 5, the light yield therefore is enhanced further. 
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Figure 3 shows a cross-section through a modified exemplary embodiment of the 
semiconductor chip wherein the elevations 4 are fashioned as a concave cone with 
concave lateral faces 13. The fashioning of the lateral faces 13 causes a light ray 18 
to be reflected back and forth between the front side 6 and the lateral face 1 3 and thus 
it is increasingly intensified as it approaches the center line 27, until it strikes the front 
side 6 within the exit cone. The same is true of light rays 9 that initially proceed via the 
connecting layer 5 from one elevation 4 to the neighboring elevation 4 and thus are 
directed at a large angle to the front side 6. 

Figure 4 is a diagram wherein a measured curve 20 shows the dependency of 
the light yield in relative units on the operating current given pulsed mode for a 
conventional light-emitting diode manufactured in thin-film technology. A further 
measured curve 21 illustrates the dependency of the light yield in relative units 
dependent on the operating current for a light-emitting diode according to the exemplary 
embodiment shown in Figure 3. It can be seen from Figure 4 that the light yield given 
the exemplary embodiments shown in Figure 3 exhibits approximately twice the light 
yield of conventional semiconductor chips without recesses 8. 

In order to determine the most beneficial shape for the elevations 4, a number 
of ray tracing simulations were implemented. The results of these calculations are 
presented in detail below with reference to Figures 5 through 14. 

First, the parameters varied in the calculations shall be explained with reference 
to Figure 5. Figure 5 shows a cross-sectional profile of one of the elevations 4. In the 
illustrated case, the elevation 4 is composed of a lower truncated cone 22 and of an 
upper truncated cone 23. The lower truncated cone 22 has a base area 24 adjoining 
the connecting layer 5. The active zone 3 is formed in the upper truncated cone 23. 



Moreover, a contact location 25 arranged on the base area 1 1 of the elevation 3 is 
provided in Figure 5. 

The lateral faces 13 of the elevation 4 are composed of a sidewall 26 of the 
lower truncated cone 22 and sidewalls 27 of the upper truncated cone 23. The 
geometrical dimensions of the lower truncated cone 22 along a shared boundary 
surface 28 are selected such that the sidewall 26 merges directly into the sidewall 27. 

Various dimensions of the elevation 4 are referred to below as follows. The 
radius of the base area 24 of the lower truncated cone 22 is referenced r n , the radius 
of the boundary surface 28 is referenced r t , and the radius of the base area 11 is 
referenced r p . Further, the elevation 4 can be divided into a lower limiting layer 29 
between the base area 24 and the active zone 3 and an upper limiting layer 30 between 
the active zone 3 and the base area 1 1 . The lower limiting layer 29 has a height h u , and 
the upper limiting layer 30 has a height h 0 . The overall height of the elevation 4 is 
referenced H. This was consistently equated to 6um in all calculations. A value of 2 
urn was selected for the thickness h w of the connecting layer 5 in all calculations and 
the thickness h w was not varied. 

Figures 6a through 6d show the result of a calculation wherein the radius r p of 
the base area 1 1 was set equal to 5 um, and the radius r n of the base area 24 was set 
equal to 20 um. The radius r t of the boundary surface 28 was varied between 6 and 18 
urn according to the cross-sectional profiles shown in Figure 6a through Figure 6c. 

In the calculations, a refractive index of 3.2 was set for the active zone 3. The 
refractive index of the lower limiting layer 29, of the upper limiting layer 30 as well as 
of the connecting layer 5 was 3.3. Insofar as it was not varied, the reflectivity of the 
contact location 25 was set as 0.3. The reflectivity of the base area 1 1 not covered by 
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the contact location 25, as well as the reflectivity of the sidewalls 26 and 27, was set to 
0.8. As used herein, reflectivity means the reflection coefficient with respect to energy. 

Further, the self-absorption of the active zone 3 was taken into consideration with 
an absorption coefficient of 1 0,000/cm. All calculations were implemented with photon 
recycling. An internal quantum efficiency of 0.8 was assumed for this. The quantum 
efficiency in the generation of photons by charge carrier recombination was not taken 
into consideration. The output efficiency rj indicated in the diagrams is therefore equal 
to the ratio of the number of photons coupled out from the semiconductor chip to the 
number of photons actually generated. The values for the indicated output efficiency 
H therefore would also have to be multiplied by the factor 0.8 in order to arrive at the 
external efficiency. 

it was also assumed that the reflection at the contact location 25 and the 
sidewalls 26 and 27 is angularly independent. The fact that the dielectric insulating 
layer 9 is first applied onto the elevations 4 and is supplemented by the reflective 
metallization layer 1 0 is therefore underestimated in effect in the calculations, since the 
total reflection occurring in this case is not taken into consideration in the calculations. 

Figure 6c shows a diagram wherein the output efficiency n is entered relative to 
the radius r, in a curve 31 . For comparison, the output efficiency of a normal thin-film 
semiconductor chip is also entered, whereby the scatter is conveyed only via the photon 
recycling. This thin-film semiconductor having the edge length of 300 urn exhibits the 
same epitaxial structure as the elevation 4 in the lower truncated cone 22 and upper 
truncated cone 23. It was assumed that the semiconductor chip is provided with a 
mirror at the p-side, the reflectivity of said mirror amounting to 0.72. This value is the 
average value - weighted with the degree of occupancy - of the reflectivity of a reflection 
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layer and of a contact layer, whereby the value 0.8 is set for the reflectivity of the 
reflection layer and the value 0.85 is set for the occupancy of the reflection layer, and 
the value 0.3 for the reflectivity of the contact layer and 0.15 for the occupancy were 
employed. 

It can be seen from Figure 6 that, given a very large pitch angle cp 0 of the upper 
truncated cone 23 according to the cross-sectional profile shown in Figure 6a, the 
output efficiency n is hardly any better than the output efficiency n. of a traditional thin- 
film light-emitting diode whose output efficiency is shown in Figure 6d by the straight 
line 32. This is also easily understood since the elevation 4 having the fiat cross- 
sectional area profile shown in Figure 6a hardly brings the light rays emanating from the 
active zone 3 into a steep angle relative to the light-emitting face 6. It is precisely this 
result, however, that the elevation 4 accomplishes with the cross-section profile shown 
in Figure 6c, for which reason the output efficiency h h in this case amounts to nearly 
double the output efficiency n. of a conventional thin-film light-emitting diode. 

Further, the dependency of the output efficiency q on the reflectivity of the 
contact location 25 was investigated. To this end, the output efficiency n, was 
calculated dependent on the reflectivity of the contact location 25, whereby the cross- 
sectional profile of the elevation 4 was same as the cross-sectional profile shown in 
Figure 6b. It was also assumed that the contact location 25 covers the entire base area 
11. It can be seen from Figure 7 that the output efficiency q is not significantly 
dependent on the reflectivity of the contact location 25. The semiconductor chips 
described herewith elevations 4 at the fastening side therefore seems significantly less 
sensitive to the poor reflectivity of the contact locations 25 than are the traditional thin- 
film light-emitting diodes, since only a tiny fraction of the multiplex reflections leading 
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to the output apparently occur between the base area 1 1 and the light-emitting area 1 2 
but ensue three-dimensional in the elevation 4. 

The relative independence from the reflectivity of the contact relation 25 is 
particularly advantageous since, in practice, a low ohmic resistance between the 
contact location 25 and the upper limiting layer 30 is generally linked to a poor 
reflectivity. A good ohmic contact, namely, requires the diffusion of atoms from the 
layer forming the contact location 25 into the material lying therebelow. 

In contrast to the dependency on the reflectivity of the contact location 25, the 
dependency of the output efficiency n on the reflectivity R s of the reflective surfaces on 
the base area 11 and on the sidewalls 26 and 27 is very pronounced. This is shown 
by the results of a calculation that was implemented with a model for the semiconductor 
chip whose elevations 4 have the radii r p = 5 urn, r d = 16 urn and r n = 20 urn. 

The elevations 4 therefore have approximately the cross-sectional profile shown 
in Figure 6b. 

The result of this calculation is a curve 33 entered in Figure 8 that rises 
monotonously with increasing reflectivity R s . A point 34 entered into the diagram from 
Figure 8 represents the result of a calculation for a semiconductor chip on which no 
reflective layer was applied but that was embedded in resin as surrounding medium. 
However, total reflection occurs here, so that a greater output efficiency occurs 
compared to a semiconductor chip with a reflective layer. This would also be the case 
for the exemplary embodiment shown in Figure 1 wherein the electrical insulating layer 
at which total reflection can likewise occur is arranged between the metallization layer 
16. 
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Figure 9 contains the result of a calculation that was carried out at a 
semiconductor chip with elevations 4 for whose radii the following was valid: r p = 5um 
r d = 16 urn and r n = 20 urn. The elevations 4 therefore essentially have the cross- 
sectional profile shown in Figure 6a. The active zone 3 was thereby located at medium 
height between the base area 24 and the base area 11. In this calculation, the region 
wherein photons arise in the active zone 3 is constricted to a luminous spot whose 
diameter d s is entered on the abscissa. It can be seen on the basis of the diagram in 
Figure 9 that the output efficiency is especially high given a small luminous spot. This 
means that photons in the center of the active zone 3 are coupled out especially well. 
In this respect, a slight Weierstrass effect is present. 

Further, the influence of the position of the active layer 3 was investigated. 
Various cross-section profiles are shown in Figures 10a through 10c wherein the 
thickness h u of the lower limiting layer 29 and the thickness h u of the upper limiting layer 
30 were varied such that the overall height H of the elevation remained constant. The 
result of this calculation is shown in Figure 10d wherein the output efficiency r\ is 
entered dependent on the thickness h u of the lower limiting layer 29. This shows that 
the output efficiency n is only slightly dependent on the position of the active zone 3. 
An active zone 3 that lies in the lower half of the elevation 4 is to be preferred since the 
current density through the active zone 3 is then low and, therefore, the current load on 
the active zone 3 can be kept small, this avoiding aging and linearity problems. 

Further, the influence of the set angle cp 0 of the sidewall 27 and of the set angle 
cp 0 of the sidewall 26 was investigated. A cross-sectional profile was assumed wherein 
the lower truncated cone 22 and the upper truncated 23 and exhibit the same value for 
the set angle cp u and cp 0 . The radius cp 0 of the active zone 3 was therefore kept constant 
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at 10 |jm and the set angle <p = cp D = cp u was varied. Two instances were considered. 
First, the output efficiency n was calculated for the periodic case wherein infinitely many 
elevations are arranged in a quadratic grid, whereby the distance of the foot point 
amounted to 10 nm. The result is reflected in the curve 35 in the diagram in Figure 1 1 . 
Moreover, an aperiodic case was investigated. To that end, the output efficiency q of 
a semiconductor chip was calculated with a single elevation 4, whereby all photons 
entering into the connecting layer 5 are absorbed by the connecting layer 5. The 
aperiodic case is shown in Figure 1 1 by the curve 36. It can be seen from Figure 1 1 
that the connecting layer 5 supplies a noticeable contribution to the output efficiency n- 

There is also an optimum range for the sidewall angle cp. This can be seen with 
reference to Figure 12. In the underlying calculation, the radius r p was set equal to 10 
urn. The radius r a of the active zone 3 and the radius r n of the base area 24 were varied 
such that the set angle cp of the sidewalls 27 and 26 covers the value range between 
1 .5 ° and 85 ° . As can be seen from Figure 1 2, an optimum angular range exists for the 
set angle (p. The sidewall angle cp should lie between 5° and 60°, preferably between 
10° and 40°. Especially good values for the output efficiency rj arise when the set 
angle cp lies between 15° and 30°. 

An investigation was subsequently carried out to determine the effect of varying 
the width of the elevations 4 on the output efficiency rj. In this case, the height H of the 
elevations 4 was kept constant, and the radii r p , r a and r n were uniformly increased. A 
curve 37 in Figure 1 3 illustrates the case where the reflectivity R K of the contact location 
25 is equal to 0.3. Another curve 38 is directed to the case where the reflectivity R K of 
the contact location 25 amounts to 0.8. The curve 37 as well as the curve 38 show the 
dependency of the output efficiency rj on the diameter 2 r a of the active zone 3. Given 
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good reflectivity of the contact location 25, the output efficiency n. drops only slightly with 
increasing diameter of the active zone 3. The curve 37, that illustrates the realistic case 
of a poor reflectivity R K of the contact location 25, however, shows that the output 
efficiency q decreases significantly with increasing diameter of the active zone 3. The 
output efficiency therefore becomes better as the lateral expanse of the elevations 4 
is made smaller. 

The thickness of the connecting layer 5 is also of significance for the output 
efficiency rj. Figure 14 shows the output efficiency rj for various cases dependent on 
the thickness h w of the connecting layer 5. A curve 39 reflects the aforementioned 
periodic drop. A further curve 40 is directed to the aperiodic case, and a third curve 41 
is directed to a case wherein square semiconductor chips having an edge length of 300 
urn are connected to one another by a connecting layer. It can be seen from Figure 14 
that the connecting layer 5 is increasingly advantageous given increasing layer 
thickness. However, it also proceeds from Figure 14 that a number of individual 
semiconductor chips, each having an elevation 4, represent the best case, since the 
output efficiency is highest given the thickness h w = 0. Individual chips, however, have 
the disadvantage that their power cannot be arbitrarily increased, since the dimensions 
of the semiconductor chips must also be scaled with the power. For practical reasons, 
however, the thickness of epitaxial layers is limited. This means that individual 
semiconductor chips cannot be designed for arbitrarily high powers. The 
semiconductor chips presented in Figures 1 through 4, however, can be arbitrarily 
scaled for this purpose, since only the number of elevations 4 must be increased 
corresponding to the increasing area of the connecting layer 5 in order to increase the 
light power of the semiconductor chips. 



A further investigation was directed to determine whether the active zone 3 could 
perhaps be arranged in the connecting layer 5. To this end, the output efficiency for a 
conventional thin-film light-emitting diode was calculated and this was set equal to 1 for 
comparison purpose. A semiconductor chip having active zone 3 in the connecting 
layer 5 has an output efficiency of 1 .5 compared to the conventional thin-film light- 
emitting diode. Finally, a relative output efficiency of 1.67 was derived for the 
semiconductor chips shown in Figures 1 through 4. This shows that an increase in the 
output efficiency n also can be achieved when the active zone 3 is arranged in the 
connecting layer 5. 

Although modifications and changes may be suggested by those skilled in the 
art, it is the intention of the inventors to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come within the scope of their 
contribution to the art. 
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